Abstract. 2014 We measured the cross sections of 22Na, 20,21,22Ne and 36,38,39,42Ar in nuclear reactions induced by the proton bombardment of Mg, Al, Si, Ca and Fe at several energies between 0.059 and 24 GeV using highsensitivy mass-spectrometry for noble gases and 03B3-counting for 22Na. We then evaluated the cross section ratio versus energy for the 22Na/22Ne, 26Al/21Ne, 39Ar/38Ar and 36Cl/36Ar radioactive-stable pairs of isotopes, which are useful for measuring the exposure age of meteorites. From the results alone, we can set some limits to the corresponding production ratios in iron meteorites, but not in stony objects because a knowledge of chemical abundances of Na, Mg, Al, Si, S, K, Ca, Fe, and shielding conditions are required.
In the present paper we investigate a group of methods for measuring T, which involve a pair of one stable S and one radioactive R cosmogenic nuclides. The production rate P of any cosmogenic nuclide may be defined as the number of atoms produced per time unit through nuclear reactions. It depends on the intensity and energy spectrum of cosmic radiations and also on the chemical composition and the shielding depth of the sample. The growth curve for a radioactive nuclide is such as R = PR (1 - [6] [7] [8] [9] . Independent calibrations were used for the 81Kr-83Kr method [10] and for the 4°K-4IK method which applies only to iron meteorites [11] . We will focus here on four R-S pairs : 22Na-22Ne, 26 (Table I) agree within errors with those of Raisbeck and Yiou, 1975 [16] . Additional cross sections at other energies can be found in Korteling and Caretto, 1970 [17] and the compilation of de Lassus and Tobailcm, 1972 [18] . Excitation function o{E) in Si was already well documented from Raisbeck and Yiou [16] and Korteling and Caretto [17] , and also from the compilation of Tobailem, 1981 [19] . In Ca, there was only one [24] ) and 12 to 45 MeV (Walton et al., 1976 [25] ). We also measured argon isotopes in iron targets, and our results were in agreement with those of Regnier, 1979 [14] . This agreement shows that there is no significant loss of spallation neon or argon in « old » iron targets. [8] , A ref. [23] , lil ref. [40] . Solid lines are adopted excitation functions (see text). Norman, 1979 [31] , the relative yields of 26AIg and z6Alm deduced from the 25Mg(p, y) reaction in the 0.3-1.72 MeV energy range are in the ratio Y(m)/ Y(g) -1/3. However, Reedy [32] , examining the first 52 levels of 26 AI, found that the ratio of levels decaying to the ground state is about the same as those going to the meta state when the excitation energies are less than 6 MeV, so that the Y(m)/Y(g) ratio would be near unity. The last point of view was adopted in figure 3 because it applies to (n, 2n) reactions specifically.
When stony meteorites are considered, Al and Si target elements (high ratio) compete with Mg (low ratio) whatever the energy range. A knowledge of the balance between chemical and energy effects requires the use of models of interaction of cosmic rays and meteorites, but that is not the purpose of the present paper.
In iron meteorites there are two important sources : i) Fe and Ni targets give ratios between 0.3 and 0.4, and only more than 500 MeV particles are effective.
ii) S and P targets are only present at the 0.2-0.5 % concentrations (except in big inclusions) but they yield a cross section ratio 1 to 3. Particles with energies as low as 100 MeV are effective and they favour 26 Al over 21Ne. In iron meteorites, we thus expect a cross section ratio 26A1/2lNe that depends on both chemical abundances of phosphorus and sulfur and shielding conditions (i.e. the number of 100 to 500 MeV secondary particles). However, high abundances of phosphorus or sulfur are exceptional [33] and from simple assumptions a cross section ratio u(26AI)/u(21Ne) = by Begemann et al., 1967 [34] . It [38] in meteorite falls have shown. The 39Ar/ 3 8Ar cross section ratio appears also very sensitive to chemical abundances and energy.
More information about the above production ratios in meteorites could be obtained from models of interaction of cosmic rays with spherical or nearly spherical objects. We are presently working on such models, inspired by the Reedy-Arnold model of interaction between cosmic rays and the Moon surface [39] . Another useful result of the present work was to identify the reaction channels for which experimental information is most needed, such as the low-' energy neutron-induced reactions in K and Mg, and also in Na, Si and Ca. Such measurements are planned in the near future, and will provide a better knowledge of neutron-induced reactions in meteorites. 
